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Tel: (207) 267-8016

Fax: (207) 287-9058; TTY: 1-800-606-0215

doha E. Beddacci, Governor: Branda f4. Harvey, Commissioner

June 29, 2010

Commissioner David Littell

Maine Department of Environmental Protection
17 State House Station

Augusta, ME 04333

Dear Commissioner Littell:

38 MRSA §1694 requires that the designation of a “priority chemical” under Maine’s Toxic Chemicals in
Children’s Products law be made in concurrence with the Department of Health and Human Services, Maine Center for
Disease Control and Prevention (ME-CDC). By this letter and accompanying document, ME-CDC is informing the
Department of Environmental Protection (ME-DEP) of its concurrence with its proposed designation of Nonylphenol and
Nonylphenol Ethoxylates as priority chemicals.

Under 38 MRSA §1694, the ME-DEP may designate a chemical as a priority chemical if the Commissioner finds
any of the following:

A. The chemical has been found through biomonitoring to be present in human blood, including umbilical cord

blood, breast milk, urine or other bodily tissues or fluids;

B. The chemical has been found through sampling and analysis to be present in household dust, indoor air,

drinking water or elsewhere in the home environment;

C. The chemical has been found through monitoring to be present in fish, wildlife or the natural environment;

D. The chemical is present in a consumer product used or present in the home;

E. The chemical has been identified as a high production volume chemical by the federal Environmental

Protection Agency; or '

F. The sale or use of the chemical or a product containing the chemical has been banned in another state within

the United States.

ME-CDC’s toxicologist, Dr. Deborah Rice, has reviewed ME-DEP’s basis statement for designating Nonylphenol
and Nonylphenol Ethoxylates as priority chemicals as well as a review of relevant scientific literature, and prepared the
attached document providing our Agency’s justification for concurrence based on evidence that these chemicals meet the
criteria A — D above.

Sincerely,

Dora Anne Mills, M.D., M.P H.
State Health Officer and Director,
Maine Center for Disease Control and Prevention

ce: Andrew E. Smith, SM, ScD, State Toxicologist, ME-CDC

Caring..Responsive..Well-Managed.. We are DHHS.



Rationale for Concurrence by Maine Center for Disease Control and Prevention on the
Designation of Nonylphenol and Nonylphenol Ethoxylates as a Priority Chemical

Prepared by Deborah Rice, PhD, Toxicologist
Maine Center for Disease Control and Prevention

June 29, 2010

Background

Under 38 MRSA §1694, the Commissioner of the Maine Department of Environmental
Protection (ME-DEP) may designate a chemical of high concern as a priority chemical if the
Commissioner finds any of the following:

A. The chemical has been found through biomonitoring to be present in human blood,
including umbilical cord blood, breast milk, urine or other bodily tissues or fluids;

B. The chemical has been found through sampling and anslysis to be present in household
dust, indoor air, drinking water or elsewhere in the home environment;

C. The chemical has been found through monitorihg to be present in fish, wildlife or the
natural environment;

D. The chemical is present in a consumer product used or present in the home;

E. The chemical has been identified as a high production Volumé chemical by the federal
Environmental Protection Agency; or

F. The sale or use of the chemical or a product containing the chemical has been banned in
another state within the United States.

~Once a chemical is listed as a priority chemical, the ME-DEP may require disclosure of
information about the presence of the chemical in children’s products (§1695) and prohibit sales
of children’s products including this chemical (§1696).

38 MRSA §1694 requires that the designation of a chemical as a priority chemical be made in
concurrence with the Department of Health and Human Services, Maine Center for Disease
Control and Prevention (ME-CDC).

The ME-DEP has proposed to list the chemicals nonyiphenol and nonylphenol ethoxylates as a
priority chemical. The Agency has requested that ME-CDC review the Department’s draft Basis
Statement for Chapter 883 Designation of Nonylphenol and Nonylphenol Ethoxylates as a
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Priority Chemical and Safer Chemical Program Support Document for the Designation as a
Priority Chemical of Nonylphenol and Nonylphenol Ethoxylates. *

ME-CDC concurs that it is appropriate to designate nonylphenol (NP) and nonylphenol
ethoxylates (NPE) as a priority chemical under 38 MRSA §1694. In reaching its decision, ME-
CDC performed its own review of the scientific literature relevant to findings under 38 MRSA
§1694 (A), (B), (C), and (D), which are content areas within the expertise of the ME-CDC. ME-
CDC also reviewed the evidence that NP, a degradation product of NPE, is an endocrine
disruptor and a reproductive and developmental toxicant, which are criteria for designating a
chemical of high concern. Since chemicals may be classified as of high concern for reasons
other than human health hazard (i.c., persistent and bicaccumulative), ME-CDC viewed it
appropriate to briefly review the toxicity data as well.

Overview of the chemical class nonylphenol and nonylphenol ethoxylates

NP are widely used for the synthesis of NPE, nonionic surfactants with a worldwide annual
production in the hundreds of thousands of tons. NP are also used in the manufacture of plastics
such as polystyrene and polyvinyl chloride, as inert ingredients in pesticides, and may be present
in rubber and resins. The major source of NP in the environment is the microbial degradation of
NPE, and NP have been detected in river water, sewage sludge, and drinking water (Ye ef al.,
2007).

NP are a class of chemicals having a phenol ring attached to nine carbon atoms. The chain may
be attached to the ring in one of three positions: ortho (o or 2); meta (m or 3); or para (p or 4).
The alkyl chain can be a linear (n-) chain, or a complex branched chain. The commercial product
is a mix of isomers, predominantly branched alkyl chain isomers of 4-NP, 4-tert-NP (Ye ef al.,
2007). As many as 100 isomers have been reported in various environmental media (Thiele et
al., 2004; Eganhouse ef al., 2009; leda et al., 2005; Rup et al., 2005).

The primary concern for these compounds is due to their ability to bind to the estrogen receptor
and thereby mimic the effects of estrogen. In an in vitro assay for estrogenic activity in fish, both
NP and NPE were active (Jobling and Sumpter, 1993). Of the isomers tested;, the para (4)-
substituted isomers were active, whereas the ortho (2) and meta (3) 1somers were not. There is
also evidence that various 4-NP branched-chain isomers have differential estrogenic activity
(Saito et al., 2007). Biodegradation of NPE results in shortening of the ethyxylate chaininto
more foxic ethoxylates and NP, although NPE is generally considered to be less toxic than NP
(Bakke et al., 2003).

Most research studies, described below, do not specify which form of NP is being studied. It is
- presumed that most used the mixed isomer commercial product; although a small number of
studies used the linear (1-) form.

! Draft Basis Statement for Chapter 883 Designation of Nonylphenol and Nonylphenol Ethoxylates as a Priori

Chemical and Safer Chemicals Program Support Document for the Designation as a Priority Chemical of

Nonylphenol and Nonylphenol Ethoxylates. Maine Department of Environmental Protection, Bureau of
Remediation and Waste Management, 21 April, 2010.
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Evidence that nonylphenol may be classified as an endocrine disruptor and a
developmental and reproductive toxicant

NP acts as an estrogenic chemical, binding to the estrogen receptor and producing estrogenic
effects in in vitro systems in a number of mammalian and non-mammalian species and tissues
(Soto et al., 1991, 1995; Shelby et al., 1996; Laws ef al., 2000; Kwack et al., 2002; Blair ef al.,
2000; Danzo, 1997; Bonefeld Jorgensen et al., 2007, Vivacqua et al., 2003). The NPE
degradation product 4- nonylphenoldlethoxylate also has estrogenic properties in standard in vitro
systems (White ef al., 1994). NP also exhibits estrogenic effects on standard estrogenic assays in
the whole animal, including effects on uterine weight, time to puberty, and cancer tissue (Laws et
al., 2000; Odum er al., 1999; Kwack et al., 2002; Watanabe et al., 2004; Kim et al., 2002).

Gestational exposure to NP produced effects on mammary gland development and changes in
hormone receptor densities (Moon et al., 2007). Female rats exposed to NP in the early postnatal
period showed altered estrus cycles and abnormal reproductive function (Nagao et al., 2000).
Exposure to NP in pregnant rats produced-changes in estrogen-specific mRNA and protein levels
in dams and fetuses, and decreased estrogen receptor density in the fetus (Hong et al,, 2004). In
a study in human first-trimester placental tissue, exposure of chorionic villous to very low levels
of NP produced estrogen-mimicking effects, including trophoblast differentiation and cell
apoptosis (programmed cell death) (Bechi et al., 2006). NP was more active and for a longer
period than estrogen itself. A follow-up study (Bech1 et al., 2010) found that NP interfered with
secretion of specific cytokines, chemicals that play a critical role in pregnancy, particularly
‘during development of the placenta and implantation of the conceptus. These results raise
concern about the effects of exposure to NP on the maintenance of pregnancy.

NP affect reproductive function in males as well, affecting sperm production (Adeoya-Osiguwa
et al., 2003), testicular growth (Jobling et al., 1996), epididymus weight and reproductive
hormone levels (Han ef al., 2004; Wu ef al., 2010; Gong and Han, 2006) in adult animals.
Epididymal weight was decreased in offspring of rats exposed to NP during gestation (Hossaini
et al., 2001), and rats exposed during the early postnatal period exhibited changes in gonadal
structure (Nagao ef al., 2000). NP increased apoptosis in Sertoli cells, in conjunction with
morphological changes and decreased cell viability (Gong et al., 2009; Wang et al., 2003).
Exploration of the mechanisms of apoptosis by NP identified several possible pathways (Wu et
al., 2009; Gong et al., 2009).

NP affects organ systems in addition to the reproductive system, including as a result of
developmental exposure. NP has a direct effect on the immune system (Ilymphocytic
proliferation) by mechanisms independent of the estrogen or progesterone receptors (Iwata et al.,
2004; Mao et al., 2008). In utero and postnatal exposure to NP also produced immune effects
(changes in splenic natural killer cells and splenocyte subpopulations), with no effects observed
in the dams (Karrow ef al., 2004). NP also produced apoptosis in thymocytes by specific
mechanisms (Yao et al., 2006), providing further evidence for disruption of the immune system
by NP. '

Researchers have also explored the effects of NP on the developing nervous system. NP induces
death of murine (rat or mouse) (Kudo et al., 2004; Mao et al., 2008) and human (Kim ef al.,
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20006) stem cells via a specific apopototic mechanism, suggesting that NP may affect
neurogenesis in the central nervous system. There is also evidence that developmental exposure
to NP affects thyroid function. In ufero exposure resulted in changes in circulating levels of
thyroid hormone (T3) and/or thyroid stimulating hormone (TSH) in both sexes, in addition to
changes in levels of certain reproductive hormones (Nagao ef al., 2001). NP:has also been
dembonstrated to affect enzymes (aromatase) and receptors (aryl hydrocarbon and pregnane X
receptor) involved in the synthesis and regulation of a number of other hormones in addition to
reproductive hormones (Masuyama et al., 2000; Bonefeld-Jorgensen ef al., 2007).

Evidence that nonylphenoel is present in human tissue (38 MRSA §1694-A)

A recent review identified 20 studies in which NP was measured in human tissue (Lopez-
Espinosa et al., 2009). NP was detected in 18 of the studies, including in breast milk and cord
blood, and blood, urine, and adipose tissue of adults. Only one study was performed in
occupationally-exposed individuals, with the other studies representing environmental exposure.
NP was generally detected in 50-100% of samples. A study in the United States measured 4-n-
nonylphenol, the linear chain NP isomer, in 394 urine samples of 394 individuals >= 6 years of
age from NHANES Il (Calafat et af., 2005). NP was detected in 51% of samples. The authors
state that the isomer they measured represents a small percentage of total NP in the commercial
mixture; so the total NP present may have been underestimated. Studies in Japan and Ttaly found
NP in 100% of breast milk samples, and four studies found NP present in 26-86% of cord blood
samples. A study in Taiwan compared levels of NP in maternal and umbilical cord blood in
maternal-fetal pairs; levels in the mothers’ blood generally exceeded those in the infant (Chen ef
al., 2008).

Evidence for exposure to nonylphenol and nonyliphenol ethoxylates by infants and children
(38 MRSA §1694-B, C, and D)

NP and NP compounds have been found to be present in human food, including fresh fruit and
vegetables (Yang and Ding, 2005), corn cereals (Carabias-Martinez ef al., 2006), eggs and milk
(Shao et al., 2007), and baby food purees of fruit and meat (Li et al., 2008). A study in Germany
identified 4-NP in a variety of foods, including fish, milk, cheese, eggs, pasta, and fruits and
vegetables (Guenther ef al., 2002). Levels did not apparently cotrelate with the fat content of the
product. The pattern of 4-NP in the various foods was similar to that of the commercial mixture.
The authors suggest that there are multiple sources of NPs in food, including use of NPs as
pesticides and surfactants, and in packaging material. NP and NPE are found in fish (Tsuda ef
al., 2000), including those in U.S. waters (Keith et al., 2001; Kannan e? al., 2003). An Italian
study reported that levels of NP in breast milk correlated with fish intake in the mothers
(Ademollo ef al., 2008). :

NP and NPE have been detected in indoor air and house dust in a majority of homes tested in the
U.S (Rudel ef al., 2001, 2003). NP have been found in food packaging, including polystyrene,
polyolifins, and polyesters, cellulose and cellulose esters, rubbers, and coated paper (Fernandes
et al., 2008) and rubber products (Ozaki and Baba, 2003). A review by Muncke (2009) reported
NP in a variety of foods from a number of container types, presumably at least in part as a result
of oxidation of the antioxidant additive trisnonylphenol phosphate.

ME-CDC concurrence on designating Nonylphenol and Nenylphenol Ethoxylates as Chapter 883 Priority Chemical.
Page 4 of 10



References

Ademollo, N, Ferrara, F., Delise, M., Fabietti, F., and Funari, E. Nonylphenol and octylphenol
: in human breast milk. Environ International 34:984-987 (2008).

Adeoya-Osiguwa, S.A., Markoulaki, S., Pocock, V., Milligan, S.R., and Fraser, L.R. 17p-
estradiol and environmental estrogens specifically affect mammalian sperm function.
Hum Reprod 18:100-107 (2003).

Bakke, D. Human and ecological risk assessment of nonylphenol polyethoxylate-based (NPE)
surfactants in forest service herbicide applications. USDA Forest Service, May 2003.

Bechi, N., Ietta, F., Romagnoli, R., Focardi, S., Corsi, L., Buffi, C., and Paulesu, L. Estrogen-like
response to p-nonylphenol in human first trimester placenta and BeWo choriocarcinoma
cells. Toxicol Sci 93:75-81 (2006).

Bechi, N., letta, F., Romagnoli, R., Jantra, S., Cencini, M., Galassi, G., Serchi, T., Corsi, I,
“ Focardi, S., and Paulesu, L. Environmental levels of para-nonylphenol are able to affect
cytokine secretion in human placénta. Environ Health Perspect 118:427-431 (2010).

Blair, R.M., Fang, I1., Branham, W.S., Hass, B.S., Dial, S.L., Moland, C.IL.., Tong, W., Shi, L.,
Perkins, R., and Sheehan, D.M. The estrogen receptor relative binding affinities of 188
natural and xenochemicals: structural diversity of ligands. Toxicol Sci 54:138-153
(2000).

Bonefeld Jargensen, E.C., Long, M., Hofmeister, M.V., and Vinggaard, A.M. Endocrine-
disrupting potentlal of blsphenol A, bisphenol A dimethacrylate, 4-n<nonylphenol, and 4-
n-octylphenol in vifro: New data and a brief review. Environ Health Perspect 115:69-76
(2007).

Calafat, A.M., Kuklenyik, 7., Reidy, J.A., Caudill, S.P., Ekong, J., and Needham, L.L. Urinary
concentrations of bisphenol A and 4-nonylphenol in a human reference population.
Environ Health Perspect 113:391-395 (2005).

Carabias-Martinez, R., Rodriguez-Gonzalo, E., and Revilla-Ruiz, P. Determination of endocrine-
disrupting compounds in cereals by pressurized liquid extraction and liquid
chromatography-mass spectrometry. Study of background contamination. ] Chromatogr
A 1137:207-215 (2006).

Chen, M.-L., Chang, C.-C., Shen, Y.-J., Hung, J .-H;, Guo, B.-R., Chuang, H.-Y., and Mao, I-I.
Quantification of prenatal exposure and maternal-fetal transfer of nonylphenol.
Chemosphere 73:5239-5245 (2008).

Danzo, B.J. Environmental xenobiotics may disrupt normal endocrine function by interfering
with the binding of physiological ligands to steroid receptors and bmdmg proteins.
Environ Health Perspect 105:294-301 (1997).

ME-CDC concurrence on designating Nonylphenol and Nonylphenol Ethoxylates as Chapter 883 Priority Chemical.
Page 5 of 10



Eganhouse, R.P., Pontolillo, J., Gaines, R.B., Frysinger, G.S., Gabri¢l, F.L.P., Kohler, H.-P.E.,
Giger, W, and Barber, 1..B. Isomer-specific determination of 4-nonylphenols using
comprehensive two-dimensional gas chromatography/time-of-flight mass spectrometry.
Environ Sci Technol 43:9306-9313 (2009).

Fernandes, A.R., Rose, M., and Charlton, C. 4-Nonylphenol (NP) in food-contact materials: :
Analytical methodology and concurrence. Food Addit Contam Part A Chem Anal Control
Expo Risk Assess 25:364-372 (2008).

Gong, Y., and Han, X.D. Effect of nonylphenol on steroidogensis of rat Leydig cells. J Environ
Sci Health B 41:705-715 (2006).

Gong, Y., Wu, J., Huang, Y., Shen, S., and Han, X. Nonylphenol induces apoptosisin rat
testicular Sertoli cells via endoplasmic reticulum stress. Toxicol Lett 186:84-95 (2009).

Guenther, K., Heinke, V., Thiele, B., Kleist, E., Prast, H., and Raecker, T. Endocrine disrupting
nonylphenols are ubiquitous in food. Environ Sci Technol 36:1676-1680 (2002).

- Han, X.D., Tu, Z.G., Gong, Y., Shen, S.N., Wang, X.Y., Kang, L.N., Hou, Y.Y., and Chen, J.X.
The toxic effects of nonylphenol on the reproductive system of male rats. Reprod Toxicol
19:215-221 (2004).

Hong, E.-I., Choi, K.-C., and Jeung, E.-B. Induction of calbindin-Dg; messenger RNA and
protein by maternal exposure to alkylphenols during late pregnancy in maternal and
neonatal uteri of rats. Biol Reprod 71:669-675 (2004).

Hossaini, A., Dalgaard, M., Vinggaard, A.M., Frandsen, H., and Larsen, J.-J. In utero
reproductive study in rats exposed to nonylphenol. Reprod Toxicol 15:537-543 (2001).

leda, T., Horri, Y., Petrick, G., Yamashita, N., Ochiai, N., and Kannan, K. Analysis of
nonylphenol isomers in a technical mixture and in water by comprehensive two-
dimensional gas chromatography-mass spectrometry. Environ Sci Technol 39:7202-7207

(2005).

Iwata, M., Eshima, Y., Kagechika, H., and Miyaura, H. The endocrine disruptors nonylphenol
and octylphenol exert direct effects on T cells to suppress Thl development and enhance
Th2 development. Immunol Lett 94:135-139 (2004).

Jobling, S., Sheahan, D., Osborne, J.A., Matthiessen, P., and Sumpter, J.P. Inhibition of testicular
growth in rainbow trout {Oncorhynchus mykiss) exposed to estrogenic alkylphenolic
chemicals. Environ Toxicol Chem 15:194-202 (1996).

Jobling, S., and Sumpter, J.P. Detergent components in sewage effluent are weakly oestrogenic
to fish: An in vitro study using rainbow trout {(Oncorhynchus mykiss) hepatocytes. Aquat
Toxicol 27:361-372 (1993).

ME-CDC concurrence on designating Nonylphenol and Nonylphenol Ethoxylates as Chapter 883 Priority Chemical.
Page 6 of 10



Kannan, K., Keith, T.L., Naylor, C.G., Staples, C.A., Snyder, S.A., and Giesy, J.P. Nonylphenol
and nonylphenol ethoxylates in fish, sediment, and water from the Kalamazoo River,
Michigan. Arch Environ Contam Toxicol 44:77-82 (2003).

Karrow, N.A., Guo, T.L., Delclos, K.B., Newbold, R.R., Weis, C., Germolec, D.R., White, K.1..
Jr., and McCay, J.A. Nonylphenol alters the activity of splenic NK cells and the numbers
of leukocyte subpopulations in Sprague-Dawley rats: A two-generation feeding study.
Toxicol 15:237-245 (2004).

Keith, T.L., Snyder, S.A., Naylor, C.G., Staples, C.A., Summer, C., Kannan, K., and Giesy, J.P.
Identification and quantitation of nonylphenol ethoxylates and nonylphenol in fish tissues
from Michigan. Environ Sci Technol 35:10-13 (2001).

Kim, H.S,, Shin, J.-H., Moon, H.J., Kang, LH., Kim, T.S., Kim, LY., Seok, J.-H., Pyo, M.-Y.,
and Han, S.-Y. Comparative estrogenic effects of p-nonylphenol by 3-day uterotrophic
assay and female pubertal onset assay. Reprod Toxicol 16:259-268 (2002).

Kim, S.-K., Kim, B.—K.,- Shim, J.-H., Gil, J.-E., Yoon, Y.-D., and Kim, J.-H. Nonylphenol and
octylphenol-induced apoptosis in human embryonic stem cells is related to Fas-Fas
ligand pathway. Toxicol Sci 94:310-321 (2006).

Kudo, C., Wada, K., Masuda, T., Yonemura, T., Shibuya, A., Fujimoto, Y., Nakajima, A., Niwa,
“H., and Kamisaki, Y. Nonylphenol induces the death of neural stem eells due to
activation of the caspase cascade and regulation of the cell cycle. J Neurochem 88:1416-
1423 (2004).

Kwack, S.J., Kwon, O., Kim, H.S., Kim, S.S., Kim, S.I, Sohn, K.H., Lee, R.D., and Park, C.H.
Comparative evaluation of alkylphenolic compounds on estrogenic activity in vitro and in
vivo. J Toxicol Environ Health 65:419-431 (2002).

Laws, S.C., Carey, S.A., Ferrell, J.M., Bodman, (.J., and Cooper, R.L. Estrogenic activity of
octylphenol, nonylphenol, bisphenol A and methoxychlor in rats. Toxicol Sci 54:154-167
(2000).

Li, C.T., Cheng, C.Y., and Ding, W.H. Determination of alkylphenol residues in baby-food
purees by steam distillation extraction and gas chromatography-mass spectrometry. Food
Chem Toxicol 46:803-807 (2008).

Lopez-Espinosa, M.J., Freire, C., Arrebola, J.P., Navea, N., Taoufiki, J., Fernandez, M.F.,
Ballesteros, O , Prada, R., and Olea, N. Nonylphenol and octylphenol in achpose tissue of
women in Southern Spam Chemosphere 76:847-852 (2009).

Mao, Z., Zheng, Y.L., Zhang, Y.Q., Han, B.P., Chen, I..T., Li, J., Li, F., and Shan, Q. Chronic
application of nonylphenol-induced apoptosis via suppression of bcl-2 transcription and
up-regulation of active caspase-3 in mouse brain. Neurosci Lett 439:147-152 (2008).

ME-CDC concurrence on designating Nonylphenol and Nonylphenol Ethoxylates as Chépter 883 Priority Chemical.
Page 7 of 10



Masuyama, H., Hiramatsu, Y., Kunitomi, M., Kude, T., and MacDonald, P.N. Endocrine
disrupting chemicals, phthalic acid and nonylphenol, active pregnane X receptor-
mediated transcription. Mol Endocrinol 14:421-428 (2000).

Moon, H.J.; Han, S.Y., Shin, J.-H., Kang, I.H., Kim, T.S., Hong, J.H., Kim, S.-H., and Fenton,
S.E. Gestational exposure to nonylphenol causes precocious mammary gland
development in female rat offspring. J Reprod Dev 53:333-344 (2007).

Muncke, J. Exposure to endocrine disrupting compounds via the food chain: Is packaging a
relevant source? Sci Total Environ 407:4549-4559 (2009).

Nagao, T., Saito, Y., Usumi, K., Nakagomi, M., Yoshimura, S., and Ono, H. Disruption of the
reproductive system and reproductive performance by administration of nonylphenol to
newborn rats. Hum Exp Toxicol 19:284-296 (2000).

Nagao, T., Wada, K., Marumo, H., Yoshimura, S., and Ono, H. Reproductive effects of
nonylphenol in rats after gavage administration: A two-generation study. Reprod Toxicol
15:293-315 (2001).

Odum, J., Pyrah, LT.G., Foster, J.R., Van Miller, J.P., Joiner, R.L., and Ashby, I. Comparative
activities of p-nonylphenol and diethylstilbestrol in Noble rat mammary gland and
uterotrophic assays. Reg Toxicol Pharmacol 29:184-195 (1999).

Ozaki, A., and Baba, T. Alkylphenol and bisphenol A Ievels in rubber products. Food Addit
Contam 20:92-98 (2003).

Rudel, R.A., Brody, I.G., Spengler, J.D., Vallarino, J., Geno, P.W., Sun, G., and Yau, A. -
[dentification of selected hormonally active agents and animal mammary carcinogens in
commercial and residential air and dust samples. J Air Waste Manage Assoc 51:499-513
(2001). '

Rudel, R.A., Camann, D.E., Spengler, J.D., Korn, L.R., and Brody, J.G. Phthalates, alkylphenols,
pesticides, polybrominated diphenyl ethers, and other endocrine-disrupting compounds in
indoor air and dust. Environ Sci Technol 37:4543-4553 (2003). -

Ruf, A.S., Vinken, R., Schuphan, 1., and Schmidt, B. Synthesis of branched para-nonylphenol
isomers: Occurrence and quantification in two commercial mixtures. Chemosphere
60:1624-1635 (2005).

Saito, H., Uchiyama, T., Makino, M., Katase, T., Fujimoto, Y., and Hashizume, D. Optical
resolution and absolute configuration of branched 4-nonylphenol isomers and their
estrogenic activities. J Health Sci 53:177-184 (2007).

Shao, B., Han, H., Tu, X., and Huang, L. Analysis of alkylphenol and bisphenol A in eggs and
milk by matrix solid phase dispersion extraction and liquid chromatography with tandem

ME-CDC concurrence on designating Nonylphenol and Nonylphenol Ethoxylates as Chapter 883 Priority Chemical.
Page 8 of 10



mass spectrometry. J Chromatogr B Analyt Technol Biomed Life Sci 850:412-416
(2007).

Shelby, M.D., Newbold, R..R., Tully, D.B., Chae, K., and Davis, V.L. Assessing environmental
chemicals for estrogenicity using a combination of ir vifro and in vivo assays. Environ
Health Perspect 104:1296-1300 (1996).

Soto, A.M., Justicia, H., Wray, J.W., and Sonnenschein, C. p-nonyl-phenol: An estrogenic
xenobiotic released from “modified” polystyrene. Environ Health Perspect 92:167-173
(1991). _

Soto, A.M., Sonnenschein, C., Chung, K.L., Fernandez, M.F., Olea, N., and Serrano, F.O. The E-
SCREEN assay as a tool to identify estrogens: An update on estrogenic environmental
pollutants. Environ Health Perspect 103 (suppl. 7):113-122 (1995).

Thiele, B., Heinke, V., Kleist, E., artd Guenther, K. Contribution to the structural elucidation of
10 isomers of technical p-nonylphenol. Environ Sci Technol 38:3405-3411 (2004).

Tsuda, T., Suga, K., Kaneda, E., and Ohsuga, M. Determination of 4-nonylphenol, nonylphenol
monoethoxylate, nonylphenol diethoxylate and other alkylphenols in fish and shellfish by
high-performance liquid chromatography with fluorescence detection. J Chromatogr B
Biomed Sci Appl 746:305-309 (2000). :

Vivacqua, A., Recchia, A.G., Fasanella, G., Gabriele, S., Carpino, A., Rago, V., Di Gioia, M.L.,
Leggio, A., Bonofiglio, D., Liguori, A., and Maggiolini, M. The food contaminants
bisphenol A and 4-nonylphenol act as agonists for estrogen receptor a in MCF7 breast
cancer cells. Endocrine 22:275-284 (2003).

Wang, X., Han, X., How, Y., Yao, G., and Wang, Y. Effect of nonylphenol on apoptosis of
Sertoli cells in vitro. Bull Environ Contam Toxicol 70:898-904 (2003).

Watanabe, H., Suzuki, A., Goto, M., Lubahn, D.B., Handa, H., and Iguchi, T. Tissue-specific
estrogenic and non-estrogenic effects of a xenoestrogen, nonylphenol. J Mol Endocrinol
33:243-252 (2004). -

White, R., Jobling, S., Hoare, S.A., Sumpter, J.P., and Parker, M.G. Environmentally persistent
alkylphenolic compounds are estrogenic. Endocrinol 135:175-182 (1994).

Wu, J., Wang, F., Gong, Y., Li, D., Sha, J., Huang, X., and Han, X. Proteomic analysis of
changes induced by nonylphenol in Sprague-Dawley rat Sertoli cells. Chem Res Toxicol
22:668-675 (2009).

Wu, J.J., Wang, K.L., Wang, S.W., Hwang, G.S., Mao, LF., Chen, M.L.., and Wang, P.S.
Differential effects of nonylphenol on testosterone secretion in rat Leydig cells. Toxicol
268:1-7 (2010). :

ME-CDC concurrence on designating Nonylphenol and Nonylpheno! Ethoxylates as Ch.a}ﬁter 883 Priority Chemical.
Page 9 of 10



Yang, D.K., and Ding, W.H. Determination of alkylphenolic residues in fresh fruits and
vegetables by extractive steam distillation and gas chromatography-mass spectrometry. J
Chromatogr-A 1088:200-204 (20035). '

Yao, G., Yang, L., Hu, Y., Liang, J., Liang, J., and Hou, Y. Nonylphenol-induced thymocyte
apoptosis involved caspase-3 activation and mitochondrial depolarization. Mol Immunol
43:915-926 (2006).

Ye, X., Bishop, A.M., Needham, 1..L.., and Calafat, A.M, Identification of metabolites of 4~
nonylphienol isomer 4-(3',6'-dimethyl-3"~heptyl) phenol by rat and human liver
microsomes. Drug Metab Dispos 35:1269-1274 (2007).

ME-CDC concurrence on designating Nonylpheno] and Nonylphenol Ethoxylates as Chapter 883 Priority Chemical.
Page 10 of 10



